This study aims at determining the influence of vocal tract inertia on the following lenition processes: phonetic vowel reduction, vowel deletion, spirantisation, place assimilation and consonant cluster simplification. Since speech has to be realised within the limits imposed on the speaker by the physical properties of the speech apparatus, even universally preferred sound combinations, i.e. strings of CV syllables, can constitute an articulatory difficulty at fast rates due to the inertia of the active speech organ. Under such circumstances, speakers of various languages frequently apply lenitions that are not employed in their language in natural speech and, most importantly, there are striking similarities in how certain difficulties are overcome. The major conclusion that can be drawn from the data is that lenitions affecting CVC and VCV sound sequences are inertial, whereas those affecting consonant clusters are non-inertial.
1. Introduction * In Natural Phonology, the term phonological process is defined as "a mental operation that applies in speech to substitute, for a class of sounds or sound sequences presenting a specific common difficulty to the speech capacity of the individual, an alternative class identical but lacking the difficult property" (Stampe 1979: 1) . The phrase "common difficulty" can be understood either as a complex consonant cluster violating the Optimal Sonority Distance Principle (cf. Dziubalska-Kołaczyk 2002), or as a sound sequence that is hardly perceptible, and therefore useless in a noisy environment.
However, a universally preferred CV string can also constitute a difficulty provided that the speaking rate is sufficiently fast. Since each articulatory gesture can be thought of as a physical act in which an active articulator covers a certain distance in a unit of time, in rapid speech the speaker may be unable to reach some targets. Given that most gestures are accelerated movements that consist of two phases, namely acceleration and deceleration (Perkell at al. 1999) , it can be assumed that, in fast speech, the inertia of the active articulator may prevent the speaker from reaching some of the targets. Because inertia can be defined as resistance to acceleration, it is hypothesised here that inertial influences are particularly strong in VCV and CVC sequences in the realisation of which the active articulator has to make an abrupt change in direction. Given that lenition processes are characteristic of rapid speech, 1 it may be further argued that it is vocal tract inertia that necessitates many articulatory shortcuts. Consequently, speakers of any language should apply inertial processes, as all humans have the same mechanical constraints on vocal tract anatomy. It logically follows from the arguments that spirantisation, phonetic vowel weakening and vowel deletion are likely to be inertial because the first process occurs in VCV environments, while the other two take place in CVC sound sequences. In fast speech, intervocalic voiced plosives, especially ones placed between two low vowels, are likely to be spirantised, peripheral vowels are expected to have more central realisations, while unaccented vowels flanked by consonants of the same place of articulation seem to be particularly prone to deletion.
By contrast, inertia does not seem to be the only motivation behind lenitions affecting consonantal clusters. Analysing place assimilation and consonant deletion from a cross-linguistic perspective, one comes to the conclusion that in the former the alveolar (or dental) nasal is exceptionally prone to the process, whereas in the latter it is certain phonological environments that facilitate the deletion of a given consonant. In many cases, the deleted sound is preceded by a homorganic segment, thus the active articulator is already in the place where the elided consonant is produced. For instance, wristwatch is normally pronounced [ˈrɪs(t)wɒtʃ], the Polish word przyjezdny 'visitor' is realised as [pʃɨˈjez(d) It is hypothesised in this paper that phonological processes fall into two distinct categories, namely inertial and non-inertial. The major objective of the present study is to provide concrete evidence substantiating the claim and supporting the existence of this dichotomy. Moreover, for every inertial process, an attempt will be made to establish a cross-linguistic hierarchy of susceptibility to inertia.
Experiment
In order to verify the claims, four native speakers of four different Indo-European languages (English, Polish, Russian and Spanish) were asked to read a number of short meaningful sentences containing VCV and CVC sound combinations, as well as various consonant clusters that could pose an articulatory difficulty in fast speech. In the case of English and Spanish, the subjects are males, while the Russian-speaking and Polishspeaking participants are females. Each sentence was read at three self-determined tempos: slow, natural and fast. It is worth emphasising at this point that speaking rate is believed to be the only variable in the experiment. Altogether, the recorded material contains about 3,000 sentences. The Praat programme was used to digitise the data and produce the spectrograms.
Vowel weakening
The term vowel weakening is understood here as a phonetically conditioned fast speech phenomenon that leads to significant qualitative changes in vowels. The process is considered to be rate-sensitive in the sense that, other things being equal, any increase in speaking rate results in the production of a different vowel quality due to increased articulatory undershoot. Predictably, at extremely fast speaking rates, the process may result in neutralisation of phonological contrasts, especially in languages with a large vowel inventory.
The primary purpose of this section is to investigate the influence of speaking rate on the production of vowel sounds. Naturally, in Polish and Spanish, in which phonological vowel reduction does not occur, both accented and unaccented vowels are likely to be susceptible to the process, while in English and Russian, classified as stresstimed languages, only the accented vowels undergo phonetic vowel weakening.
The vowel inventories of Polish, Russian and Spanish are very similar. Spanish and Russian have a five-vowel system consisting of /i, e, a, o, u/, whereas Polish, apart from these five segments, also has a high central vowel /ɨ/ in its inventory.
3 As a matter of fact, the [ɨ] sound is also found in Russian, but in this language it is regarded as an allophone of /i/ that follows non-palatal consonants (cf. Barnes 2006) . Since the vowel system of English differs considerably from the inventories of the other three languages, only the Polish, Russian and Spanish data will be analysed in this section.
The target sounds were found in various phonological contexts, as no a priori hypothesis was made as to the influence of flanking consonants on the weakening process. In order to test the hypothesis, the F1 and F2 of 20 tokens of accented and unaccented vowels were measured at the peak of F1, which corresponds with the lowest position of the tongue. 4 Since phonological vowel reduction occurs neither in Polish nor Spanish, the measurements of unaccented vowels were taken in both pre-stress and post-stress positions. The same procedure was employed to investigate the process in Russian, but only accented vowels were taken into consideration due to obligatory unaccented vowel reduction operating in this language.
The results obtained prove that, in fast speech, the movable organs are subjected to severe mechanical constraints, as the subjects could not reach the intended articulatory targets in the fast speech condition. Figure 1 illustrates the influence of speaking rate on the Polish vowels in unstressed syllables. The data strongly suggest that, in fast speech, the contrast between /e/ and /ɨ/ is neutralised in unstressed syllables, which automatically leads to the creation of a large number of homophones, such as przyjechali [pʃɨjeˈxali] 'they arrived' and przejechali [pʃejeˈxali] 'they ran over,' or przyszłości [pʃɨʃˈwɔɕt͡ ɕi] 'future' (gen. sing.) and przeszłości [pʃeʃˈwɔɕt͡ ɕi] 'past' (gen. sing.). The mean values give the impression that phonological neutralisation takes place; however, a T-test for independent samples showed that there is a statistically significant difference (p < .001) between the fast speech data for /e/ and /᭣/. Therefore, a perception test needs to be conducted in order to determine whether listeners distinguish between the two vowels. As for stressed syllables, neutralisation of this type is rather unlikely (cf. Figure 2 ), but even in this case, the acoustic distance is not sufficiently large to exclude such a possibility in certain phonological contexts. Similar results were obtained for Spanish. Figure 3 shows the extent to which the vowel space shrank in the fast speech of the subjects. The diagram illustrates that the vowels were not equally resistant to changes in speaking rate. Importantly, the low vowel /a/ appears to have been affected but only in the dimension of F1. As it is a central vowel, its F2 is rather stable. Quite surprisingly, the accented mid vowels underwent more profound phonetic change then their unaccented counterparts (cf. Figure 4) . The only conclusion that can be drawn from the data is that the Spanish-speaking subjects find it more difficult to control the maximally effortful gestures produced in accented syllables, which is confirmed by the values of the dF parameters (see the acoustic data in Table 2 ).
As Figure 5 shows, phonetic vowel weakening is also observed in Russian. The high /i, u/ manifest a noticeable centralising tendency in the dimension of F1 and F2, while /a/ turned out to be rate-sensitive but only as far as its first formant is concerned (see the acoustic data in Table 3 ). Once again, the mid vowels /e/ and /ɔ/ turned out to be resistant to changes in speaking rate. "For every process the segments of sequences which may be affected vary in susceptibility, and the more-susceptible must undergo the substitution if the lesssusceptible do so" (Donegan 1985: 34) . Analysing the five phonological processes from the biomechanical perspective, it can be assumed that the sounds undergoing a given process cannot be equally susceptible to inertia because they are produced by different speech organs (or different parts of the tongue) and therefore they are not subjected to the same mechanical constraints. The susceptibility to inertia of a vowel sound is the greater, the longer the distance between the slow and fast speech F1/F2 parameters which represent two points on the vowel chart. The distance can be thought of as the hypotenuse of a right-angled triangle whose sides are the distances between F1 and F2 values in slow and fast speech (cf. Ohala 1997) . By Pythagoras' theorem, the square on the hypotenuse is equal to the sum of the squares on the other two sides. Thus:
where dF stands for difference in both frequencies, while sF1 and fF1 represent the values of F1 in slow and fast speech, respectively. By analogy, sF2 and fF2 stand for the values of F2 in slow and fast speech.
According to the data in Table 1a -b, the hierarchies of susceptibility to inertia for both accented and unaccented Polish vowels have the form presented in (1):
The high peripheral vowels are prone to weakening in both accented and unaccented positions due to a dramatic change in the F2 parameter. The central sound /a/ is quite susceptible as far as its F1 is concerned, but its second formant is relatively stable, particularly in unaccented position. Finally, /ɨ/ is not significantly affected by increased rate therefore it occupies the last position in the hierarchy. The same procedure was employed to investigate the susceptibility to inertia of the Spanish vowels. The prediction as to the inertial nature of the weakening process was confirmed, since the peripheral vowels underwent the most dramatic change in both accented and unaccented syllables. Moreover, the high vowels /i/ and /u/ turned out to be more sonorous in fast speech than they were in the slow speech condition. Since the same phenomenon occurred in Polish, the results must be indicative of the role vocal tract inertia plays in fast speech. Table 2a -b above presents the mean F1 and F2 values of the vowels produced in the three speaking conditions. The results obtained suggest that the hierarchies for accented and unaccented Spanish vowels have the form presented in (2a) and (2b), respectively:
The data in Table 3 show that the differences in dF between /e, o, a/ are minimal, therefore the results can be attributed either to the influence of phonological context, or to speaker specific factors. Unlike Polish and Spanish, Russian is a stress-timed language in which unstressed vowels obligatorily undergo two degrees of reduction (cf. Barnes 2006), depending on their position within the word. The data in Table 3 show the extent to which accented Russian vowels become reduced in natural and fast speech. The results obtained allow one to draw the conclusion that the hierarchy of susceptibility of the Russian vowels to inertia has the form presented in (3) below (in order from the most to the least susceptible speech sound):
This hierarchy resembles the ones obtained for Polish and Spanish in that the two high vowels are the most susceptible segments. The Russian data confirm that the high vowels become more sonorous in fast speech, whereas /a/ becomes considerably higher. On the other hand, the mid front vowel /e/ seems to be phonetically stable, the same as in Spanish. Importantly, a one-factorial ANOVA confirmed that the qualitative change that the high vowels undergo is highly significant (p < .0001) when the slow and fast speech results are compared. The low vowel /a/ always reaches the level of statistical significance, but only with respect to F1. Finally, the mid vowels are relatively stable in all three languages, except for the Polish mid front /e/ which undergoes a relatively profound qualitative change that may result in neutralisation of the phonological contrast between /e/ and /ɨ/.
Vowel deletion
The main objective of this section is to provide evidence that vowel deletion is a process applicable in various languages, irrespective of their rhythmic organisation. As, in English and Russian, phonological vowel reduction is obligatory, reduced vowels seem to be particularly prone to deletion because they find themselves in prosodically weak positions. Thus, instead of trying to determine a hierarchy of susceptibility to inertia, one should attempt to establish which phonological environments are conducive to deletion.
It has been mentioned in the introduction that vocal tract inertia plays a decisive role in the realisation of CVC sound sequences. To take the argument one step further, one may say that inertial influences should be particularly strong in symmetrical interconsonantal environments, i.e. contexts in which the flanking consonants are homorganic. The rationale behind this claim lies in the fact that in homorganic environments the same active articulator has to produce an abrupt change in direction, while in heterorganic ones the gestures for the two consonants are sometimes made by two different articulators.
In order to determine whether homorganic environments are more conducive to vowel deletion than heterorganic ones, words containing an unaccented vowel in various phonological contexts were elicited from the recorded material. The homorganic and heterorganic environments that were taken into consideration are listed in (4) below: 5 (4) (I) homorganic consonants of the same manner of articulation, e.g. today;
(II) homorganic consonants of different manner of articulation, e.g. totally; (III) heterorganic stops, e.g. potato; (IV) heterorganic continuants, e.g. sophisticated; (V) heterorganic stop-continuant sequences, e.g. position; (VI) heterorganic continuant-stop sequences, e.g. suppose.
A cross-linguistic analysis of the results allows one to draw the conclusion that symmetrical environments are more conducive to vowel deletion than asymmetrical ones. The two diagrams in Figure 6a -b show that, in the two Slavonic languages, vowel deletion occurred more frequently between homorganic segments than between heterorganic ones. The columns present the percentages of deleted vowels in each group which consisted of 32 tokens (eight words produced by four subjects). Surprisingly, there are considerable differences in how speakers of Polish and Russian deleted unaccented vowels in tokens belonging to groups (III-VI). In English, the highest incidence of vowel deletion took place in group (II), where the unstressed vowels were placed between homorganic segments of different manner of articulation. Unexpectedly, consonantal environments made up of homorganic sounds of the same manner of articulation (group (I)) turned out to be less conducive to vowel elision than those of group (IV). Since, theoretically, such vowels should be particularly likely to undergo deletion, one might try to account for that by resorting to the phonotactics of that language. English tolerates some word-initial clusters made up of continuants, e.g. /sr, sf, sw, θr, ʃr/, but it does not tolerate clusters of stops such as /pt/, or /tk/ in the same position. However, the results obtained show that phonotactic constraints are regularly violated in fast speech, e.g. detective can be pronounced as [dˈtektɪv] , and by no means should they be treated as a factor blocking the application of vowel deletion. Interestingly, the Spanish data also contain three instances of vowel deletion which occurred in the words papa [p(a)ˈpa] 'daddy' and constituya [konst(i)ˈtuja] 'constitutes' (see Figure 8 ) as well as in the phrase los asaltos [los (a)ˈsaltos] 'the attacks'. Most importantly, the elided vowels are placed between two identical segments in immediately pre-tonic position. Obviously, these few cases do not suffice to draw farreaching conclusions, but if seen in the light of the results obtained for the other three languages, they are definitely indicative of the inertial nature of the vowel deletion process. Summing up, these findings strongly suggest that homorganic contexts are more deletion-prone than heterorganic ones. Thus, it can be argued that in fast speech it is vocal tract inertia that necessitates such articulatory shortcuts.
Spirantisation
In this section, an attempt will be made to prove that spirantisation is a phoneticallyconditioned phenomenon that can affect any intervocalic voiced plosive provided that 
Interconsonantal environment
Percentage of deleted vowels the speaking rate is sufficiently fast. A plosive is said to have spirantised when there is no hold phase in the spectrogram. The data presented below are based on spectrogram analysis; perceptual tests were not conducted. For reasons specified in the introductory section, it is best to place the target sounds in a symmetrical vocalic context; however, in stress-timed languages, this is rather difficult due to unstressed vowel reduction. Therefore, it is assumed here that, in stresstimed languages, a preceding accented low vowel constitutes the best possible trigger of spirantisation, as a full realisation of a low vowel necessitates a long movement of the active articulator for the following closing gesture, which is likely to be undershot in fast speech. Consequently, [ɑː _ ə] and [ae _ ə] be will be regarded as low, [e _ ə] as mid, and [ɪ _ ɪ] or [ʊ _ ə] as high intervocalic contexts in the experiments described in this section. It is predicted that voiced plosives flanked by at least one low vowel will be affected by spirantisation more frequently than plosives in mid or high intervocalic position.
AB n o ֙ o n s t (i) ⎆t u j a Two factors seem to contribute to spirantisation (also referred to as fricativisation), namely the place of articulation of the plosive undergoing the process as well as the intervocalic context in which the plosive is found. As for the former, one might expect the bilabial plosive to be particularly prone to spirantisation, while the alveolar/dental /d/ should be the least susceptible segment. As far as the latter factor is concerned, the process is expected to be more common in low intervocalic contexts.
The results obtained partially confirmed the hypothesis as to the inertial motivation of the process. There is no doubt that spirantisation is a fast speech phenomenon, as only occasionally did the participants weaken a voiced plosive in natural speech, and never in the slow speech condition. However, contrary to the expectation, the bilabial did not turn out to be more susceptible to inertia than the other plosives. In fact, the English-speaking subjects fricativised the velar plosive more often than the bilabial, whereas in the performance of the Polish and Russian participants, the bilabial turned out to be slightly more susceptible to inertia. Quite unexpectedly, low intervocalic contexts do not appear to be more conducive to spirantisation than mid ones, at least in English and Polish (compare the data in Figures 9 and 10) . One would have expected the differences between the two contexts to be more distinct but, according to the data, it is impossible to say decisively that one is more conducive than the other. Rather, it can be generalised that, as far as spirantisation is concerned, speakers distinguish only two vowel heights.
It should be emphasised that only the Russian subjects produced results that fully agree with the hypothesis formulated at the beginning of this section (cf. Figure 11 ). Yet, it is worth explaining at this point that all the Russian participants are teachers, which probably accounts for the lower-than-expected incidence of spirantised plosives. Naturally, their speech organs are as susceptible to inertia as those of any other human; however, being conscious of standard pronunciation, they probably did not read the sentences at their fastest attainable rate and blocked the process in many cases. Looking at the problem from a cross-linguistic perspective, it can be tentatively proposed that the hierarchy of susceptibility has the form presented in (5):
It should be remembered, though, that the English subjects fricativised the velar more frequently than the bilabial. Thus, if similar research is done on a greater number of genetically unrelated languages, the form of the hierarchy may have to be modified. As a matter of fact, this is very likely to happen given that the Spanish-speaking subjects spirantised as many as 30.2% of voiceless velar plosives and only 21% of voiceless bilabials. 
Assimilation of place
From the point of view of Natural Phonology, assimilation can be defined as a speakerfriendly process which involves avoiding an articulatory problem by making two neighbouring sounds more similar. Although two sounds may become similar with respect to place and manner of articulation as well as voicing, in this section only place assimilation will be considered, as it seems to be a strategy employed in language to reduce articulatory cost. For example, in English, the alveolars /t, d, n/ regularly placeassimilate to the following peripheral segment, i.e. either a bilabial or velar consonant.
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This reduces articulatory cost which is directly linked to vocal tract inertia. However, if place assimilation were inertial, the alveolars/dentals in sound combinations such as /db, dɡ, tp, tk/ should be realised as [b, ɡ, p, k] , respectively, in any language allowing for such sound sequences. The four languages examined in this work share a considerable number of consonants. For example, they all have the plosives /p, b, t, d, k, ɡ/, as well as /m, n, f, s, t͡ ʃ, j/, which are phonemic in each language. With the exception of Spanish, whose phonotactics disallows many consonant clusters, in the other three languages we find sequences of an alveolar/dental sound followed either by a velar or bilabial segment within words as well as across word boundaries.
In English, place assimilation of /t, d, n/ occurs in the speech of many native speakers who block the process only in very formal styles. It can also be argued that the nasal is more prone to the process than the other alveolars, as it sometimes undergoes progressive assimilation of place, e.g. in ribbon or bacon, which can be realised as [ˈrɪbm] and [ˈbeɪkŋ], respectively (cf. Wells 1990). Predictably, the incidence of the process is the greater, the faster the speaking rate. As a matter of fact, in the recorded material only in several cases did the nasal not undergo place assimilation in the fast speech condition (cf. Figure 12) . The plosives /t, d/, on the other hand, never placeassimilate to the preceding segment. The special status of /n/ is further confirmed by cross-linguistic data, as the process is obligatory in many languages, including Spanish (cf. Hualde 2005) .
In Polish, the only segment that relatively regularly assimilates to the following obstruent is /n/, provided that the consonant is velar. The process appears to be obligatory within words, whereas many speakers do not apply it when the nasal and the following consonant are separated by a word boundary. In the recorded material, 29% of the nasals underwent assimilation to the following velar obstruent. Cases of assimilation to a bilabial sound are only occasionally found in high frequency phrases such as Pan Bóg 'God' realised as [pam buk] (cf. Figure 12 ).
As far as the Polish dental plosives are concerned, they do not manifest any tendency towards place assimilation. Altogether, the participants produced 168 /db, dɡ, dm, tp, tk, tm/ sequences, both across morpheme and word boundaries, and none of the dentals underwent place assimilation. Moreover, in the series made up of two plosives, both plosives were usually released (cf. Figure 13) . The findings suggest that Polish is a non-assimilating language, as place assimilations of this kind are blocked despite the high articulatory cost.
Similarly to Polish, Russian also appears to be a non-assimilating language. The obtained results revealed that despite being placed in virtually the same phonological contexts as their English counterparts, the Russian dentals /t, d/ were not affected by speaking rate at all. Moreover, the dental nasal seems resistant to assimilation, too (see Figure 14b ). Quite unexpectedly, in a majority of cases, the Russian participants managed to produce a dental nasal before a velar plosive. The recorded material contains 44 tokens of such sound sequences, and in fast speech /n/ underwent regressive assimilation of place in 14 cases (31.8%), whereas in the natural speech condition only seven cases of assimilation were found (15.9%). Figure 14b presents a fast-speech realisation of the word банкета [banˈcetə] 'ball' (gen. sing.). As can be seen in the spectrogram, the F2 and F3 trajectories of the preceding [a] show no sign of converging, which means that no velar constriction was formed. The Spanish data will not be considered here as, on the one hand, in this language the alveolar nasal /n/ obligatorily place-assimilates to the following obstruent regardless of speech tempo and, on the other hand, most of the clusters analysed above violate the phonotactic constraints of the language. One exception is the word-medial cluster [dk] found in, for instance, adquirir 'to acquire', but in Spanish the first plosive in such sequences is normally fricativised in natural speech and usually dropped in casual speech.
According to the hypothesis put forward in the introduction, phonological processes affecting consonant clusters are not motivated exclusively by vocal tract inertia because the constituent gestures are often produced by different sets of articulators that can move independently of each other. Since the kind of place assimilation found in English is not applied in any of the languages investigated in this work, it should be treated as a language-specific phenomenon. As a consequence, place assimilation ought to be classified as a non-inertial process.
Consonant cluster simplification
Cluster simplification is a speaker-friendly phonological phenomenon that involves omitting a consonant, or several consonants, in casual and fast speech. Cross-linguistic analyses show that voiceless plosives are particularly prone to deletion when placed in the middle of a cluster, usually in so-called sandhi contexts, i.e. across morpheme and word boundaries. Although cluster simplification is observable in many languages that allow for sequences of consonants, the application of the process differs from language to language. It is absolutely necessary to emphasise that it is extremely difficult to establish which segments are more susceptible to inertia because they are found in different phonological environments. Besides, certain clusters appear to be rate-insensitive, while other, similar sound sequences are regularly simplified. For this reason, instead of arranging the sounds into a hierarchy of susceptibility of inertia, an attempt will be made at establishing a deletion-trigger hierarchy of phonetic contexts. After analysing the simplification process in the recorded material, one can come to the conclusion that plosives, both voiced and voiceless, are particularly likely to be deleted from clusters in which they occupy a coda position flanked by at least one homorganic segment. In the English words wristwatch, handbag, exactly, perfectly, glimpse, attempt, landlord, handsome, etc. , the elided plosives are produced only in LS b a n ⎆c e t ђ Figure 14b . Spectrogram of LS's natural speech realisation of the word банкета 'ball' (gen. sing.).
emphatic speech. It is worth noting that they are either preceded or followed by a homorganic segment, and in the last two examples the three-element clusters are produced in the alveolar area. Naturally, the process is also applied across word boundaries, as in next month or think things (cf. Figure 15a On the other hand, onset elements are rate-insensitive even when preceded by homorganic segments. Figure 15b shows a spectrogram of the word incredibly as pro- duced in fast speech, and it is clear that the plosive was not elided. Since the sound is in a prosodically strong position, this finding is hardly surprising. Most importantly, the recorded material does not contain any instances of deletion of an onset obstruent in English. Similar cases of cluster simplification are also found in Polish. Frequently-quoted examples include the words pielęgniarka [p jeleŋ(ɡ) ' (gen. pl.) , to mention but a few. Once again, in all these instances, a coda segment following a homorganic element is elided. Predictably, the same phenomenon occurs across word boundaries, e.g. jest cierpliwy [jes(t) t͡ ɕerˈplivɨ] 'he is patient ' or Bank Centralny [baŋ(k) 
Cases of consonant deletion in which the elided plosive is not preceded by a homorganic segment are rather rare, probably because Polish tolerates plosive clusters. For instance, the [t] of haftka [ˈxaftka] 'hook and eye' is hardly droppable because it is flanked by heterorganic segments. However, most speakers will definitely delete the plosive when it is word-final and followed by a homorganic consonant, e.g. in the phrase haft cejloński [xaft t͡ sejˈloɲski] 'Singhalese embroidery'. In diskdżokej 'DJ' [dɨs(k)ˈd͡ ʒɔkej], the velar plosive is usually deleted, but the whole cluster has a greater chance to survive in kask dżokeja 'jockey's helmet' [kask d͡ ʒɔˈkeja] where the two stops are separated by a syllable boundary. It does not mean, though, that the velar plosive in the last example is immune to deletion.
Russian, being a stress-timed language, allows for heavy consonant clusters, particularly in word-medial position, many of which undergo simplification. Avanesov (1972) provides an exhaustive list of word-medial clusters where either a voiceless or voiced stop is usually elided to make a given sequence easier to pronounce. In the following word-medial, three-element consonantal sequences /stn, zdn, stl, stk, zdk, stsk, stt͡ s, zdt͡ s, ndt͡ s, ntt͡ s, ndsk, ntsk, ndk, ntk, rdt͡ s, rdt͡ ʃ, stj/, as in e.g. участник
'journey', the medial plosive is regularly deleted in standard Russian. It is worth noting that the plosives follow a homorganic segment and some of them find themselves in the middle of a sequence of three homorganic consonants. Avanesov's (1972) However, many Russian linguists maintain that in this language syllabification constitutes an unsolvable problem, and they propose as many as four different phonological theories for dividing words into syllables (see for example Kniazev and Pozaritskaja 2005: 118) . As a result, the word участник can also be syllabified [u-ˈt͡ ʃ j ast-ɲik]. The syllabic structure of Spanish is simple in comparison with the other languages described in this work. The most complex syllable occurring in the language has two Naturally, there are also considerable differences between the results obtained for the four languages. In order to create a cross-linguistic hierarchy, 6 points were assigned to the most conducive context in English, Polish and Russian, 5 to the second most conducive, etc. According to the obtained results, it is tentatively proposed that the six phonological contexts form the deletion-trigger hierarchy in (9): (9) (i) homorganic consonants of different manner of articulation;
(ii) homorganic consonants of the same manner of articulation; (iii) heterorganic continuants; (iv) heterorganic continuant-stop sequences; (v) heterorganic stop-continuant sequences; (vi) heterorganic stops.
Spirantisation is yet another process that affects sequences of vowels alternating with consonants. In the fast speech condition, the subjects often did not produce a complete closure. Quite unexpectedly, the participants did not spirantise more frequently in low intervocalic contexts than in mid ones. Besides, the English subjects fricativised [ɡ] more often than [b] , which is rather surprising given that the bilabial requires movements of the heavy mandible. Judging from the results, the cross-linguistic hierarchy may have the form shown in (10):
(10) bilabial ≥ velar > alveolar/dental
In this work two types of phonological processes affecting consonant clusters were investigated, namely place assimilation and simplification of consonant clusters. It is a fact that in the four languages /n/ place-assimilates, to a lesser or greater extent, to more peripheral consonants, but /t, d/ do so only in English. Therefore, this type of assimilation has to be considered as a language specific phenomenon. If this kind of place assimilation were inertial, then the Polish and Russian subjects would have applied the process in fast speech, the way they applied phonetic vowel weakening or spirantisation. Thus, place assimilation ought to be classified as non-inertial on the premise that in some languages fast speech does not necessitate application of the process. The four languages investigated in this work vary considerably in permissible clusters, therefore different processes are used to solve articulatory difficulties posed by them. Deletion of cluster-medial plosives is the most common strategy of simplifying such complex consonant sequences. It must be stressed here that some clusters appear to be rate-insensitive, while others were simplified even in the natural speech condition. An analysis of the fast speech recordings of phrases containing various clusters and examples discussed in the phonetic literature strongly suggests that the cross-linguistic deletion-trigger hierarchy may have the form presented in (7), repeated here for convenience as (11): (11) (i) coda plosives preceded by a homorganic segment, or placed between two homorganic segments; (ii) coda plosives flanked by heterorganic segments; (iii) onset plosives following a homorganic segment, or placed between two homorganic segments; (iv) onset plosives preceded by a heterorganic consonant (not attested).
As far as fricative deletion is concerned, it has been established that plain fricatives are usually elided when followed by a strident. Thus it can be assumed that the short perceptual distance and considerable acoustic similarity are the main reasons why they are deleted. Interestingly, a strident followed by a plain fricative does not get deleted, at least such a phenomenon is not found in the data. Another factor that definitely exerts some influence on the process is the position a given fricative occupies within the syllable. Again, a coda segment is likely to be elided, while an onset fricative, even a plain one, is rate-insensitive, thus, according to the data, cluster simplification falls into the non-inertial category.
Conclusion
The data presented in this paper partially validate the hypothesis as to the influence of vocal tract inertia on phonological processes affecting CVC and VCV sequences. Since speaking rate was the only variable in the experiments, it must be concluded that the mechanical constraints imposed on the speaker by the physical properties of the speech apparatus make the speaker resort to various articulatory shortcuts. As in the fast speech condition all the gestures were maximally effortful, vocal tract inertia must motivate these processes.
On the other hand, place assimilation and cluster simplification are non-inertial, as increased speaking rates do not necessarily result in application of an otherwise expected process. Judging from the data, place assimilation, particularly assimilation of alveolar/dental stops to the following bilabial or velar obstruent, should be treated as a language-specific phenomenon. As for cluster simplification, what facilitates the process is the position of a given segment in the syllable as well as the flanking sounds.
Taking the findings into consideration, we propose a new typology of phonological processes which should be divided into two distinct categories, namely inertial and noninertial. The significance of this new dichotomy lies in the fact that the former, which apply in CVC and VCV sequences, take place in any language, and as such should be regarded as mechanistic universals, whereas the latter affect consonant clusters and tend to be language specific.
Naturally, data coming from just four genetically related languages do not suffice to draw far-reaching conclusions as to the influence of inertia on the five processes investigated here. Moreover, the results would be more complete had the phonological contexts in vowel and consonant deletion been subdivided into more groups and not just homorganic and heterorganic of the same and different manner of articulation. However, given the number of languages investigated in this work and the amount of data that had to be analysed, this would have happened at the expense of preserving the clarity of the general picture. Still, there is no doubt that more detailed research conducted on more languages from diverse language families is needed to provide more insight into the processes and further verify the results.
